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Foreword

This Circular constitutes the fourth itenvof a contemplated series of surveys
and tabulations of information on radiation physies that are heing earried ont
with the support of the Biophysies Branch of the Atomic Energy Cominission.
Three previous items have been given limited cirenlation as in formal reports,

This Cireular represents primarily a tabulation in graphieal form of certain
well-known and eather simple mathematical relationships. The goal of dis-
plaving these relationships for large ranges of the independent vartables and
in & manner that lends itsell readily to interpolation accurate to 2 percent hax
required considerable development of methods and an amount of labor of nearly
two man-years.  This effort need not seem unduly large when compared to
the aggregate effort represented by a number of puetial tabalations prepared
i the past by other groups. It was undertaken in the hope of providing a
rather definitive reference capable of fullilling most anticipated needs exeept
for vet undetermined correetion factors and extension 10 energies hevond 500
million clecweon velts,

[t is hoped that the decision to undertake an effort of this magnitude and
to utilize a graphical. rather than tabular, presentation will prove justified.
Critieal comments and suggestions by the public will be partienlarly weleome,
i view of the difficulty of assessing the priority of different possible tasks in
this series and of estimating the number and the type of workers who may uti-
lize similar publications.

[7. Faxo., Chidf.
Nuelear Physies Seetion,
National Bureau of Standards,
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Graphs of the Compton Energy-Angle Relationship and the
Klein-Nishina Formula from 10 Kev to 500 Mev

Ann T. Nelms

~bhe Compton energy versus angle relation=hip and the ditfferential and inteeral Rlein-
Nishina cross =eetions are presented graphically as funetions of the cnergy and direction of

the seattered photon and of the recoll electron,
Unpolarized pritnary gaonrma ravs in an energy range from 10 Kev o 500
he accuracey of all cupves is estimated at 1 pereent.

pose of tables.
Mev are considered.

These graph= are inteaded 1o serve the gare

The advaniave

of this fortn of presentation is the eonvenicnee and aceuraey of 1so-way interpolation.
Tn general, interpolated values may be obtained with an acenraey of 2 peroent.

1. Symbols

The following svmbol notation is used through-
out this paper:

vo=Initial photon frequeney. see -t

v="Neattered photon {requency, sec L

hy,=Initial photon energy (h=Plauck’s
constant), Mev

ho == Seattered photon encegy, Mev.

m= Electron rest-mass,

¢=Yeloeity of electromagnetic radiation
in vacuum.

a,=hv, me? == knergy of initial photon in me.
a==hy/me? = Energy of scattered photon in mez.
Aozt by, =1 a, = Wavelengtls of  initial  photon  in
Compton wavelength.
A=mehy = 1ia= Wavelength of scattered photon in
Compton wavelength.

T=:Kinetic energy of the recoil cleetron
= hv,~-hpv, Mev.

8= Angle between primary photon bheam
and seattered beam, degrees

¥ == Angle between primary photon beam
and direction of recoil eleetrons,
degrees.

o Thomson's  classical cross  cection
jwon omt=6.651 10" Bem2,  where
m=rme2, and e is the electronic
charge,

Differential Klein-Nishinae cross section per electron:

F(x..») =Photon wavelength  distribution,
Thomson cross section unit per
Compton  waveleugth  unit  (xee
page 4).

de; el Angular distribution of the scattered
photon, em#/steradian.

de/dQy = Angular distribution of the reeoil
clectron, emi/xteradian.

da/dhv Energy distribution of the scattered
photon, rm?/ Mev.

do’dT = Fuergy distribution of the recoil
clectron, em? Mev,

Futegral Kicin-Nishina cross section:
sr=Total Compton cross seation,
enifeloetron.
aq = Effective cross section for the energy
absorbed by the eleetron, emelec-
tron. ({See zee. 2.5-h, page 6).

2. Introduction

After discussions with various members of the
National Bureau of Standards Radintion Physies
Laboratory who expressed a desire for tabulations
of the Compton energy versus angle relationships
and differential and integral Klem-Nishina eross
section for unpelarized ! gamima ravs, a survey of
the iterature {1} 2 was made.  This study meluded
available mformation over the laxt deeade,  There
are two unfavorable characteristics common to
all of the presentations of such data: namely, the
energy range of the primary radiation is limited
and the forms of presentation do not yvield accurate
interpolated values of the cross section.

This report strives to eliminate these undesir-
able features. The data are expressed in the
units used most often by experimentalists. Al
caleulations and curves are believed to be accurate
to 1 percent, taking as a basis the values of
constants from DuMond and Cohen®  The actual
form of the plots is such that interpolated values
can be obtained in general within 2-pereent
AceuUracy.

The Compton effect depicts the scatterimg of a
photon of initial cnergy a, by a “free” eleetron,
s0 that the photon has a degraded energy a. and
the recoil electron has acquired a kinetie energy
equal to a,—a.  The expression for o as a function
of a, and of the angle of photon seattering @ is
given by

a= o, {1+ a1 —cos 6)). (1)

T Far o disenussion of polarization, see U Fana, 0 Opt. Sae. Ay, 39, 850
(1

2 Figures in bruekets indieate the bteeatoes referenees at the end of 1ins
paer.

SEOWLOM. pPuMandand £, RO Coben, Phys, Rev 8205550 (10001,




The differential Klein-Nishina eross section {2} for
the seattering of a photou in the direction # per
unit solid angle is expressed as

_ffa ré (1-+-cos H)
dQ2 2 {1 rafl—cos M)

{

1 §+( 1 11 cos By )

. - (D
ceost ML call-oros NS

This eross seetion can be expressed in terms of the
energy from eq (1),

-+

! , !
(X, X (48 Ra [ 8144 23 Ly,

do ﬁn’l';‘:[_"..) 2 1 _ 2 +(r.,+ ) "

e oF

fora,>a>a, |l + 2a.]. The total Compton eross
section can be obtained from eq 30 by integrating
over all seattered energies. Henee

Sl 200wy In(l- 2,
e {1200 R
(2 9 ] - S, (.,

Intl-2a) 1 3a, } (1)

Ya, (120,

2.1. Radiative Correction to the Klein-
Nishina Formula for Free Electrons

The Compton seattering by free electrons s
deseribed to a very good approxintion by the
Klein-Nishina formula.  “Ruadiative corrections”
arise from high-order electrodynatnic effects aud
are associnted with the weak bremsstrabilung gen-
erated in the sudden recoil of the electron. These
corrections have been caleulated by Schafroth [3)
and by Brown and Feynman [4] up to terms pro-
portional to ¢ " (giving corrections of the order
¢ (hef2m) == 1137 1o the K-N formula.

The net effeet of the caleulated correction s
small, of the order of 1 pereent or less, but it eon-
sists of two appreciable portions that nearly cancel
one another. On the one hand. the prohabilitny
of the ordinary Compton effect is nsually redueed.
On the other hand, one must consider, n this ap-
proxitation, the probabitity that the electron
radintes in the course of the Compton processone
{or more) photons in addition to the seattered one.
This additional photon usually has a very low
energy and therefore it is hard to deteet, and
does not appreeciably affect the energy balance of
the process.  Therefore, the two proecesses, of
ordinary Compion scattering and seattering with
two-photon emission (sometimes referred to as
double Compton effect), ave not readily vesolved
operationally, and their combined  probability
must be calculated (exeept when the additional
photon has unusually high energy)?®.
m)r an incident photon energy of 262 Nev givie corrections of
the nrder of |pereent at angles arotund 50, when i photen energy of 100 Key
is assumed for the low-energy photort. The infegrated correetion is less than
| pereentand has been stated by Colzate ] axabout 0200 in his esperinent.

P A detailed separate ealenkstion of either effoet is not even meaningiul

heeanse it i based on the assumplion of a fictitions photon mass. This point
minst be harpe i mind when examining the original papers il

2

2.2. Experimental Studies of the Compton
Effect

Few investimdions hay e beenomade of the snga-
bar distribution of the seattersd phiotons predicted
by the Klem-Nishina formnla, OF these, possibly
the most voneluspve test = given by the data of
Hotstadter and Melntvee (5] Tor Co 7y arudiantion,
They measured the inmber of comcidences he-
tween the reecoil eleetron and the seattered photon
as g function of the anaudar position of the detector
(stilbene ervstals, They obtaed ol agree-
ment with the ditferential Klein-Nihinag enmve
within thesr experitnental ervor exeept at the simadl-
est angles used 207 and 15700 An additional ex-
periment by Holstadter and NMelntyre 6] vickied
an indication of the enerey distribution of Congp-
ton electrons,

Numerositz exportinents have beenmade to check
the Klein-Nistung fornrala for tota! soatteone croas
section. Parkinson [7] Tound agrevment with pre-
dictions of the theory withi an exp rimental
ervor of 1 pereent. e reviews previss sindar
work where the total seattering eross scetion was
obtained from measurenrents of the total attenun-
tion cocflicient. Tt is noportant i such measure-
ments that the eilernt energy and aosorbing
material be chosen zo that Compton seattering
vives the main contribution to the total attenua-
tion.  Otherwise, nore relinnee than s justified
may be placed on eross seetions for the photo-
electrie and pair production processes,

Verifieution of the Compton relationship has
heen the atm of many experiirents. Nlost of this
work has been simmravized by Cross aid Kamsey
IS Ther results, i agreement with Hefstadter
and Melntyre [9], indicate that the recoil electron
and seattered photon emitted in a Compton
seattering event are sinultancous within a time
interval of Tess than 1510 “see. The conserva-
tion of energy and momentum laws have been
verified in various experiments.

2.3. Corrections to the Klein-Nishina Form-
ula in the Case of Small Momentun Trans-
fer

The assumption of free electrons initially at rest
that underlies the Klem-Nishina formula is ap-
proximately valid only if the momentum trans-
ferred to the electron greatly exceeds the initial
momentum of the electron™s motion within an
atom, In terms of the wavelengths of the incident
radintion () and of the atomie electron (M), this
condition rewds

Ao/2 sin ti KN,
When this condition ix not satistied, Compton
seattering is complicated by the bonds that hold
the atomie electrons and by their motion within
the atom. As o roault, Compton seattering
hecomes less frequent, than predicted hy the Klein-
Nishina law.




a. Reduction of the probability of Compton scattering g ; T

LO o
In an approximate caleulation one may regard
the probability of Compton seattering by an ok

atomie electron as the produet of two {uctors,
The frst factor concerns the probability that the B
photon is deflected by a certain angle () and
transfers to the electron a corresponding amount
of momentum p as though the electron were free.
The secorul factor concerns the probability that st f
the clectron, having received a momentuin p,
will absorb a certain amount of energy and therehy S
become excited or leave the atom. The first

fuctor is given hy the differential Klein-Nishina A
cross section (dog_y) for free electrons.  The
second Tactor has been evaluated by Heisenbery 5 : 5 , p”
and Bewilogua {10] on the basis of the Fermi- v ‘

’_T:hnnm’s model. They evaluated the probability Pt 1. Comvectron So U tu 2t W tmecrshann fon snaiis
Shy,6.7) that any cnergy absorption whatsoever in Ut cise of 1 sopitll monste o trtpsfe s s 11 Fanetion of
recults when a photon of frequeney v is seattered Ve X ’ ’ ’
by an angle 8 and transfers a momentuim p ~he2 sin
(8°2) e to the electrous of an atom with atomie
number Z. Thus tlhe total eross section for
Compton scattering with defleetion 8 by the Z
eleetrons of an atom is given approximately by

S PV IS S

s (v}

[ LN Y SN

doy=day_Shv.0,7) (4u) 800

The dependence of § on hv. 6, :m«l Zis expressed
in terms of the single varinble V=178477*v
sin 62, .\ graph of ST is given in figure 1.

A compartson of ey (4a) with the Klein-Nishina
cross section for Z=82 is shown in figure 2 for an
incident photon encrgy of 360 Kev, At very
small angles the eross seetion per unit solid angle
for bound clectrons is considerably lower than
that for free electrons, At 0=4° dvz is about
50 pereent of the Klein-Nishina eross section for
Ph
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8

The reduction of the probability of Compton
scattering 15 more than compensated {or by the
pmb.ﬂnht\ of coherent scattering ® (unmodified
radiation; at small angles. At 8=4° and 782
the eross section per unit solid angle for mhmvnll\
scattered radiation of 300-Kev energy is 86 < 1074,
or about 13 times the Klein-Nishina cross seetion.

b. Modification of the Compton law

The initial state of bound motion of an atomie
electron also causes a relaxation of the Compton 100
relationship that binds the cnergy of a seattered
photon to its dircetion and the direetion of eleetron

(o) 10 20 30 40
6, DEGREES

Yicvwe 20 fliestration of the effeet of StV an 1he Kirin-
8 Coherent seattering is the abjeet of an investigation in progress. Nishina cross seelion for Phoat v, 300 Ko,




recoil to its energyv. This effect may he visualized
in two equivalent manners,

The atomic electrons may be regarded as imtially
free but endowed with o cortain statistical distri-
bution of velocities.  Then the Compton rela-
tionship holds exactly in the moving frame of
reference in which each electron happens to be ai
rest.  As a result, photons seattered in a certain
direetion do not have identical energies (even
though their inttial energies were equaly. The
resulting energy spread may be regarded as a
Doppler broadening beeause it arses from the
clectron’s motion.

Alternately, one may consider that the momen
tum transferred to an eleetron is essentinlly deter-
mined by the angle of photon seattering (and by
the incident photon energy).  As a result of this
momentum transfer, the electron mayv recoil out
of the atom with various cnergies and leave the
energy balance to the photon.  (The reduction of
Compton seattering probability mentioned in see-
tion a, page 3, corresponds to the possibility that
the reeoil 18 absorbed by the whole atom and the
eleetron fails to be ejected.)

According to cither picture, the balanee of
momentum, which s the basis of the Complon
law, must take into account the initial momentum
of the eleetron’s motion within the atom.  The
direcetion of this momentum is random. s mag-
nitude. ps, may be regarded as roughly related to
the 1onization potential of the electron, I, aceord-
ing to p;2m~17I. The momentum p transferved
from the photen to the clectron equals approxi-
mately hy,2 sin (0:2)¢ provided Av,(1—cos 6)<Cme,
The momentum ¢ with which the clectron recoils
out of the atom is expeeted to lie within the
approximate limits g~p+ p,.  The recoil cnergy
avies  correspondingly within the approximate
limits

¢V eyl

2m 2m - 2m

The kinetic energy of the recoil eleetron varies
within the limits

70 g e L

2m 2m \’ 2m
More specifically, a value of T p? 20 + (21 2172
15 found by ealeulation to oerur approximately
half as frequently as the value T p22m (ser
helow),

Semiquantitative verifieation of the energy dis-
tribution of recoil eleetrons was obtained by Du-
Mond [11] from an experimental determination of
the spectral distribution of photons sceattered at o
given angle.

In the Compton seattering by free eleetrons,
the energy of the seattered photon s approxi-
mately equal to the energy of the incident photon
when hy, (1 -—cos f)<<me*. This condition holds
for all values of 0 when he,<€mie?, for small values

4

of 4 when fe, ~wee’s nnd for very sl values of
o when Aeosme’ For all these eases, of conrse,
the kinetie energy wcguired by the cleetron s
stmall and may be evaluated approxinatels by the
ahove expression with the substitution g Ao 2 <in
e Forexample o e, 300 Kevo /01 iney
and 8 307, then T'=4 . 10 Kev.

The problem of the encerey distribution of reeoil
eleetrons in Compton scattering i< equivalent o
the corresponding problem for inelastie seatterins
of clectrons of energy /9 by atomie electrons. The
energy loss ool an electron <eattered through »
moderately large angele o080 falls approsi-
mately within the hmits W0 2,07 where 1)
is the energy lozs in seattering by a free electron,
and 1@ -y s hall as frequent as B @ 112]

2.4. General Procedure and Accuracy of
Calculations

The Compton encray versus anvle valies were
calenlated diveetly from eq (1. Corrections 1o
the Klem-Nishing formula diseussed i the pre-
ceding seetions were not ineluded in the ealenla-
tions of the cross seetions.  The differential cross
section cun be expressed 1 terms of wavelensth
Ao Ua, from eq (3,

e AN TA A . .
OV ¥ 4 R RS VR BN S T WS LN MR
d\ 1r/,,( )\) )\-4—‘ \. (A A (NN ;] )}

where A, <A<\, -+ 2.

_ A rearrangement of eq ()
gives

RAC YR VE

1 d 3y
L)

A A
Y 2 N, - (N~ h,.‘ , IR
}\+)\” (A-—X (A-- X} [ {6)

for which graphs are given (figs. 111, a, b, and e
This particulay {form was used beeause values are
eastlv ealeulated, and the Klein-Nishina
section i terins of all varinbles may be obtained
by multiplving eq (6) by suttable factors. Values
of fix, A} interpolated from this graph were used
as a general giide in plotting the cross sections:
however, the various graphs were eventually con-
structed from independent vecaleulation of fIx, )
for the appropriate valves of A, and A,

Al caleulations were made to four signifieant
ficures,  Considerable effort was made 1o place
cach point on the graphs with an acesracy of |
pereent. I order 1o have all points along the
curves as accurate as the plotted points from which
the smooth eurves were drawn, many cheeks for
smoothness were made. Two tyvpes of tests were
used. Fiest. trausversal plots of the original
graphs were made. Al drregular points were
cheeked by ealeulntion i the deviations were
reater than the stated aceuraey allowed.  Second,
test ealeulntions at various points were made.

CrOss




Tawiw Y. Two exampies of the acenuraey of juterpolatien
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The majority of these tests were made on the
penetfed graphs. There was a small sacrifice of
accuracy i the reproduction. However, a few
checks on the finished gaphs show that the error
is within the allowed deviation,  Two examples
of two-way interpolation are given in table 1. In
the first ease. whieh illustrates the energyv-angle
relationship for an initial gamma ray ol 0.75 Mov,
where 0°<6<60°, the points were obtained from
figure I, h, by visual judgment.  The second ease
Is an mlmpnl.l(mn from the same graph for con-
stant angle (35°%). It s well to note that more
accurate values of table 1. a, ean be obtained by a
family of curves interpolated at constant angles.
Not only the aceurney of the curves was consid-
ered but the aceuracy of values obtained by
interpolation,

To obtain maximum accuracy for interpolated
values, the type of plot js important.  For this
reason different kinds of plots ave given for various
initial energies and in different ranges of the same
energy, each seetion havi ing the best plot for ease of
interpolation.  The testx for acenracy of inter-
polated values indicate that, in general, values may
be obtained within an accuraey of 2 pereent.

2.5. Discussion of Graphs

Each gection that follows contains a diseussion
of a partienlar group of graphs that is designated
by a single roman number,

REYTE B S pid

a. Scattered photon energy versus angle of scattering

(fig. 1)
A convenient form for eq (1) 3=

e he, 11 all vos il o
where he and Av, are in Mev, For /n',,//*lm the
curves decrease mpidly Trom the maxinmm valie
at zero degrees to s minimum  vafue at IN0¥
exXpressed as

kv v, [T 2]~ e (NG
I the nonrelativistio region. however, the photon
does not Jose an apprecinble amonm of e rev by
seattermy, that is, e~

b. Recoil electron energy versus angle of scactering
(hig. 11)

Sinee the recoll electron energy 74 the tliﬂ'vr-
enee between the itial snmma-ray enerey and
the energy of the se attered photon. one can \\mn

T 2eho, [V 01 o) tan® L i)

The maximum valie of the recoil energy is at

¥ 0 when the photon = seattered by I8¢° The
vilue of the recoil energy is then expressed as

T 2ediv, |14 20, ). {1y

The maximum deflection of the electron is 90+

At this limit the photon is seattered in the forward

direction.  Near this limit the electron energy s

s0 low that the binding effeets considered in

3

section 2.3 must alwayvs be taken into aceount.
c¢. Photon wavelength distribution (fig. 1{1)

The differesitial eross section for the seattering
by a [ree electron of a ohoton with inttial wave-
length A, into the wavelength interval A to X d)
s given by eq (61, The nlwuml craph of this
funetion is a large master chart from which values
were taken in computing eross sections (see see. d,
page A). Sinee experimentahists are less inter-
exted i this graph, a smaller chart is presented
here forillustration.  The aceuracy desived in this
report, cannot be obtained from these graphs.

d. Angular distribution of the scattered radiation
(fig. 1V)

The differential eross section for the =eattering
of a photon through an angle # into the solid angle
() can be expressed a= a function of £ (N, A1 in the
following mauner

do oo fNN) 1 (11 cos’ M
o S 201 -t - cox
@ {l-—ros

n . l' T
{1 +“ ceox® A1 Lt —cos By (h




arceos (1 - N - Nio For hvsme the

where 4
eross section uppm;l(-h(-< Thomson's  classical
formuln  for seattering Arict - cos®si In this
region the curves reach a minimum at Q0% about
which the distribution s almost symmetrieal, with
maximum values of the eross section at 07 and
180° This characterisae shape disappears as
hv,—me*. A plot of the initid photon energy
versus the angle at whieh there is amintmum v alue
of the eross section s given in figure TV, m. s
he, inereases bevond me?. the distribution s
weighted in the forward diveetion.

e. Angular distribution of the recoil electrons (fig. V)

The differentinl cross section for the recoll of a
free eleetron at angie ¢ with vespect io the pnoton’s
direction of propagation into the solid angle JQ
s written

do o I (T - P (L —cos )
dy 2 vost

do (1« a¥(l--cos 8y
ol Qy cost Y

e e, 1) 2 1oy
o2 [(a., - an® -2, - 1:| cost gl 1+

(e, v D tan® y—17F
[('a,, S tan® - l] +
4of 1
[Cer, =1 tan® ¥ - H e, D tan' -+ 2q,+ l],\,,
(1

1 Do, B
where y=arctan ( ) —1 ] -
a, - | o, @

For hy, <202 Neoev, the eurves for low pnnmr\
encrgies lie above those im high primary cnergies,
This trend 1= also true for Iw,, 0.2 Mev at l‘ng(-
angles.  For imtial photon cnergies 7-0.2 Mev the
curves cross at small angles <o that at zero degrees
the curve for highest imtial photon encrgy s
above all curves for lower initial enecrgies,  In
order to give the cross sections clearly at small
angles, the angles are plotted on a logarithmic
sceale, For convenience in reading the value of
the cross seetion at zero degrees. o fow linear plots
of angles were made in that region,

f. Energy distribution of the photon (fig. VI)
The differential cross section for the seattering

of a photon of mitial energy fy, into the energy
interval v to he--dhy s given by

da gol’ . wrime* {ho  ho,
dhv et SO (hvt Vhe, ' hy

L met et met ety .
2( hv */IV,,) ( hv /lu,,) } ()

An anabv=is ol o~ distibnnion shows iliat w
minttnvn exists for all enercres Foekeo 10 Mo
the nonunum s well delined by the carvature,
For be, 15 Mev, however, the mmmnnin ocenrs
about 05 Mev frean the il photon enerey
The ditference o the valne of the cross <ecting it
the primary eneray and at the enerey wieere the
MU ocenes = ~ LN - fg N AL

The vraph for primary cneretes <3100 ey (i,
VL represents oda dhde, be o 107 asa fanetion
of the pereentave of energy retamed by the photon
Not to have chaneed the plot in this range wondd
have vesulted in the curves erossing and interpola-
tion would have been almost impos<ible. To read
thiseraph one mustfind the pereentace of the initial
enerey that isscattered. The value of the ordinate
obtained <hould be mudniphied by this percentage 1o
have the cros< section noem? NMeve Freures VI
d to hooof the eleetron energy distribution curves
can he used as an alternate method of ohtmning
values of the eross section by determuntng the
energy of the reeot] cleetron and reading the eross
seetion directy in em® Meve For example, Tet us
determine the differential eross zection for the
sealtering of a gatnma ray with an mitial energy
of 40 Kev o that the seattered cnergy i 359 Key
The seattered energy is SUS pereent of the sl

energy, and the corresponding ordinate veading
0,107 <10 em® pereentagee of enerey retanued by

the photon 0107 - SOS - 100 cual 10
em? NMev, Using the alternate method, one obtains
the energy of  the recoll electron as 4.1 Kev
From figure VI g, the cross section s read
direetly as 9.6 < 1072 em® Kev,

g. Electron energy distribution (fig. VII)

The differential eross seetion for giving a free
electron a recoll energy in the inteeval from 7o

T-d7T is written
. mﬁm("’ 1S I
Cho,~— TV AL (hv,

howe IF =T 0
[ he, ]+ (/,L) [(l—'ln( e (e Y

where T fiv,~~hv. The maximum value of the
cross section oceurs at T, (sev eq (100, For
hv, > me?, the eross seetion deereases rapidiy and
wradually flattens as 7 approaches zero with a
shallow minimum at 7' ~me? tsee see. f, page 63,
At lower initial primary energies the minimum be-
comes more pronounced.

do o ) au\’

T dhy  mer TN

y (1

————

h. Integral Klein-Nishina cross section (fig. VI

The integral Klein-Nishina eross se-tion is given
by eq (4)  Anapproximation to this equation for
hv, > me s @iven by

3 omet

In 2,
N Ir v, [

Ty 77 Ty




This shows that the total Compron cross section
decrenses with increasing energy,

The attenuation of an eident beam of N-ruyvs
v determined by the total nnmmber of photons seat-
tered out as a result of collisons with the cleetrons
of a wmaterinl. However, the probable cnergy
transfer to a material by a beam of Xeraavs s de-
termined by the product of the avernge fraction
of the ineideni photon energy that s transferred
to the recoil eleetron ina single Compton seatter-
ing process and of the total seattering erass seetion.
This produet for 1= frequentdy referred 1o as the
“teue whsorption cross section” e, for the Compton
process.  In figure VI a plot of o and o, is pre-
sented and fignee VI b shows the fraction of
the incident enerey that = transferred to the seat-
tered photon and to the recoil electron in a single
Complon seattering process,

I thank U, Fano for many helptul diseussions,
G. R White, who offered closer guidanee especially
in the development of the Introduetim, and the
members of the Radiation Laboratory and others
who made contributions through diseussions and
correspondence,
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4. List of Graphs

Fhe initinl eraph in several of the groups is o “picture’ graph, a composite

chart that indicates the complete range and general <shape of the curves i the

family,

[t 1= not intended to be used to obtain aceurate values,

of the graphs s discussed in the Introduction.
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